i of air breathed to form in the body and expire a given weight of i carbonic acid exhibited a distinct tendency to fall with a local subs sidence of atmospheric pressure, and vice versa. Since then an additional series of experiments, to which my present assistant, Mr. E. Russell, kindly submitted, confirmed this result. Fifteen experiments were made from 0 to 2 hours after a meal, and fifteen t also from 2 to 4 hours after a meal. The results are disposed as follows, in the form of a chart (see next page), in which the curves for the volumes of air breathed to expire 1 gram C 02 are seen to fall [ most distinctly from nearly 767 mm. pressure to 742 mm.
1891.]
The results from all these experiments will be fo*und disposed in the form of tables (pp. 113-116).
I shall first give a short account of the method adopted in the pre sent inquiry, then describe the experiments, and finally state the results with which they have been attended. Two bell-jars were made use of.
The air, in every one of the experiments quoted in this paper, was inspired through the nose and expired through the mouth, a mode of breathing easy to acquire, and soon becoming perfectly natural; the person under experiment assumed the recumbent position in a deck chair, with the feet resting on a stool.
It was necessary to begin by determining the volumes of air and weights of carbonic acid expired normally, or in ordinary breathing, with the object of using these figures as standards for comparison. I need not say that every precaution was taken to obtain correct data on ordinary breathing. Next, the other bell-jar was supplied with atmospheric air to be re-breathed. A correction might have been introduced for the C02 naturally present, but from its small propor tion this correction was thought unnecessary. On no occasion was the laboratory used for the evolution of acids or alkalis, and its ventilation was kept up by one or two open windows.
After re-breathing 35 litres of air during five minutes, the person under experiment was placed in communication with the other belljar, in such a manner that no air whatever was lost, or, in other words, while fresh air was i n s p i r e d, the expiration follow diately the last expiration of re-breathed air was collected in the other bell-jar, now emptied of the expired air it formerly contained. While this bell-jar was being filled, the re-breathed air, from the other belljar (after its volume had been read, and temperature taken), was driven into an india-rubber bag faced with oil-skin, to prevent any loss of any C03 by diffusion. This bag had been kept flattened down between boards weighted with a piece of iron weighing 20 lbs., a precaution taken to empty perfectly the bag before it was used for storing the re-breathed air. The bell-jar, having thus discharged its contents, was ready to be used afresh.
The person expired from 34 to 38 litres of air immediately after the re-breathing stage of the experiment, and he was now placed in com munication with the empty be 11-jar; there was no loss of expired air ,t ugh this passage from one bell-jar to another, and while fresh air was inhaled, the air expired was entirely collected, to the extent of -rom 34 to 38 litres, for subsequent analysis. A chronograph showed, to a second, the time required in the various stages of the experi ment.
Thus the whole history of the effects of re-breathing air was obtained, mg divided into four stages:-1st, natural respiration; 2ndly, air Dr. W . Marcet. On Chemical [Jan. 15
barely from 1 to 2 mm. of difference of pressure, which is inappre ciable. Placing the nose-piece in his nostrils, the operator breathes through his mouth for a few seconds, then he takes the month-piece in his mouth, and inhales the air of the bell-jar through the nose-piece, the bell-jar fallin g; at that very instant the chronograph is started. The next expiration is from the mouth through the -tube into the belljar, and so on, the air re-breathed circulating through the bell-jar. After five minutes have elapsed, every attention is given to stop the inspiratory tube and arrest the chronograph at the very end of an expiration, while another assistant opens the double-way cock, con nected through tubing with the operator, and disposed so as to lead the air now expired into the other bell-jar; the operator drops the nose-piece and takes an inspiration of fresh air, through the nose, then he expires out of the mouth into the empty bell-jar. He was, perhaps, beginning to feel a little uncomfortable; sometimes a slight sensation of want of air was experienced, but not always, and one of my subjects hardly noticed any effect. I think I was affected most of the four who submitted to experiment, although it repeatedly happened that I felt no discomfort of any kind, beyond perhaps a slight want of air.
Fresh air is inhaled with an undoubted sensation of comfort, and the volume of this air is in marked excess of the volume inhaled in ordinary breathing. During the first two or three minutes, large volumes of fresh, air are inspired, then the breathing (piickly subsides, and before 36 or 37 litres have been expired it has apparently resumed its usual rate, with the disappearance of all feeling of discomfort. I have stated above that the air re-breathed had been transferred from the bell-jar into an india-rubber bag, allowing the bell-jar to be utilised for collecting the air expired in the last stage of the experi ment. The india-rubber tube and double-way cock were so arranged that by turning the cock the operator was placed in connexion with the empty bell-jar, and during an inspiration of fresh air the cock was turned, when the expired air was directed into that bell-jar.
The rate of breathing had now become all but natural, or the same as at the beginning of the experiment, giving indications that the effects of re-breathing had apparently passed aw ay; this question was to be settled by the analyses.
There were consequently four different samples of expired air to be submitted to analysis for the determination of the carbonic acid they contained. The first sample was from air expired normally, the second from air re-breathed, the third from air expired immediately after re-breathing, the fourth from air expired after apparent recovery from the effects of breathing impure air.
By the time breathing in the closed vessel had commenced, the air expired normally had already been shaken with barium hydrate; 1891.] Phenomena o f H um an Respiration. Thus it is seen that the C 02 in re-breathed air and in ordinary breathing increase together from the lowest to the highest figures. This might have been expected, as the whole experiment must be con trolled more or less by the phenomena of ordinary breathing for each of the persons under experiment.
There is another point of interest to be noticed with reference to the re-breathed air in the present experiment-the volume of this air, which originally was 35 litres, is no longer 35 litres at the con clusion of the experiment, but has undergone a slight reduction. The enquiry into this portion of the subject was not found so simple as it appeared to be at first, and, as the work progressed, precautions against errors had to be taken which had not been apparent until a late period of the investigation. I, therefore, prefer to leave this part of the subject for future consideration.
It has been stated that after re-breathing for five minutes the air of the bell-jar, and then admitting fresh air into the lungs, an in creased volume of air was inhaled attended with the expiration of a greater amount of carbonic acid than in ordinary breathing. This will be seen in the following table, showing, for the same lapse of time, the mean results obtained on four different persons for ordinary respiration and while inhaling fresh air, immediately after the rebreathing stage of the experiment.
A consideration of these tables shows, with reference to the C02 expired, that there was invariably an excess, after re-breathing air for five minutes, over the weight expired in the same time in normal respiration; the mean relation being 1 to 1*237. In the case of

Phenomena o f H um an Respiration.
Ill C 02 before re-breathing calculated on tim e after re-breathing. W . Alderwood, who was the least affected of the four persons under experiment, the excess of C 0 2 after re-breathing, amounting to 1 to 1*097, is the smallest. A similar remark applies to the volumes of air expired; they are invariably increased after re-breathing, or while the person under experiment is still under the influence of the want of air; the mean relation is 1 to 1*307 ; again, in the case of W. Alderwood the increase is the smallest, the proportion amounting to 1 to 1*177. The excess of C 02 and of air expired when fresh air is breathed immediately after the re-breathing stage of the experiment must be due in a great measure to the increased amount of carbonic acid retained in the blood, together with an instinctive desire of taking into the lungs increased volumes of air, in order to rid the blood of the carbonic acid it has retained.
We now have to deal with the air expired finally or in the bell-jar filled at the termination of the experiment. The mean volumes of air and weights of C 02 expired per minute will be seen to approxi mate to the corresponding volumes and weights expired in ordinary breathing to such an extent that respiration may be considered as having returned to the normal condition.
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